The long-term action SEAFP of the E.C. Fusion Program investigates fusion power reactors design. SEAFP strategy for the management of activated material is here applied to ITER. This strategy aims to reduce the amount of radioactive waste by conditional recycling (re-use of the activated material) in novel fusion plants and by clearance (declassification of the material with low activity level to non-active waste). Limits on the surface dose rates of the activated material after an interim storage of 50 years are proposed here to define suitable recycling procedures. The possibility of clearance is assessed from limits on the specific activity of the material. These limits take into account the relative hazard of the various radionuclides contained in the material.
INTRODUCTION
ITER waste management analyses [1] envisages three options for activated material, depending on the residual radioactivity: geological disposal (GD), shallow land burial (SLB) and clearance (declassification to non-radioactive waste). Recycling is not considered as it is stated that: a) ITER material is not relevant for power fusion reactor, -b) Recycling would increase the costs of waste management and the amount of ITER material could be disposed of in repositories for fission waste .
As an alternative, the assessment of the recycling feasibility for ITER materials has been made in the past [2] , applying the options investigated in the SEAFP (Safety and Environmental Assessment of Fusion Power) analyses, based on conditional recycling (i.e., inside the nuclear industry) and clearance. This strategy is proposed again here with new criteria, new materials and activation data. Arguments in favor are:
-The regulations on radioactive waste management of the E.C. countries either do not consider SLB or, if this option is allowed, radioactivity limits are more stringent than in the US regulations [3] . Therefore, this option cannot be applied in Europe to fusion activated materials which should be wholly placed into geological repositories.
-The development of fusion commercial reactors includes the assessment of their environmental feasibility [4] , namely, among various other aspects, the demonstration that the waste burden for the future generations would be small. Public opinion is very sensitive on this topic. In fact, activated material arising from ITER will be removed from the plant after an interim storage, namely after 2050. At that time the concern on radioactive repositories may be also stronger than now and recycling could have to be performed in any case.
The feasibility of recycling and clearance for ITER material is investigated in the next sections.
Adopting and extending the concepts developed in SEAFP analyses [5] , the various management options are defined for classes of material identified by limits on contact dose rate and/or specific activity.
MATERIAL CLASSIFICATION BASED ON RECYCLING AND CLEARANCE
Radioactivity limits defining the suitable management options are indicated hereunder.
Activated materials should comply with these limits after no more than 50 years of decay; however, longer cooling times may be considered if convenient.
Radioactivity limits for recycling within the nuclear industry.
Two categories of recyclable material are envisaged, Complex Recycle Material,CRM, and Simple Recycle Material, SRM, according to the more or less demanding requirements of Remote Handling Recycling (RHR), with upper limit of the contact dose rate D of 20 and 2 mSv/h respectively. SRM includes material which may be recycled by Hands On Operation, (HOR). The HOR limit: D < 10 µSv/h is in compliance with the 1990 ICRP Recommendations [6] . Permanent Disposal Waste, PDW, is a material that needs to be disposed of in a radioactive waste repository, as contact dose rate limits for recycling are exceeded.
The limits on decay heat in CRM and SRM are 10 W/m 3 and 1 W/m 3 respectively; they are relatively unimportant after the decay time envisaged.
This classification allows two ensuing routes, either the estraction of noxious radionuclides with the corresponding build up of a secondary waste stream, or the option to keep all residual radioactivity in the new pieces.
Radioactivity limits for clearance
Clearance of fusion less-activated materials (i.e., their release from regulations regarding radioactive materials) is a great chance for demonstrating low environmental impact of fusion.
In this paper, we consider two clearance scenarios:
1) Disposal as Non-Active Waste (NAW).
2) Recycling outside the Nuclear Industry.
We call the first option "Clearance with Disposal (D)", while the second one will be "Clearance with Recycling (R)".
Concerning Clearance (D), an activated material may be declassified to Non Active Waste if its specific activity is sufficiently low. Unconditional clearance levels L c are attributed to each relevant radionuclide contained in the waste on the basis of its potential hazard. L c is defined as the specific activity of the radionuclide that would allow the declassification of the material containing this radionuclide as only contaminant.
Clearance levels are taken from an IAEA proposal [7] where levels are derived from categorisation of safety analyses of waste repositories producing a maximum individual dose of 10 µSv/a. Additional safety factors, up to a reduction by one order of magnitude, have been applied to those clearance levels, when they are higher than 1000 Bq/kg. These reduced 4 clearance levels vary from 300 Bq/kg (Co 60 , Nb 94 ) to 3 
The material can be cleared if:
Clearance (D) levels adopted in the present study have also been adopted in the SEAFP-2 study.
Concerning Clearance (R), recent E.C. Recommendations [8] refer, among other options, to the unconditional recycling of metal scrap. This study adopts the clearance levels defined in that case, and computes a clearance index I c (R), based on those levels, in the same way as explained above for I c (D).
It can be verified that Clearance (D) levels are generally less (up to more than a factor of 10)
than those for Clearance (R).
The recycling and clearance limits defined before are summarised in table 1. 
ACTIVATION ANALYSIS
The activation data, used to prepare the ITER non-site specific safety report [9] , are available for this analysis. The neutron flux and activation calculations were performed based on a onedimensional reactor (ITER midplane) model, and an operational scenario, M5A, according to the ITER activation calculation specification [10] . The elemental compositions of all ITER materials are also specified in [11] .
4. RECYCLING Table 2 reports relevant activation data for ITER inboard and outboard materials. Zone divisions, numbers and names refer to the original activation calculations (see the previous section).
It can be verified that, according to the activated materials management strategy presented in section 2, all ITER materials could be recycled or cleared, if a sufficiently long decay time (up to 100 a) is allowed. This applies in particular to SS 316 LN in the first wall and front blanket;
if we consider the dose rate after 50 years of cooling, those materials should be classified as PDW; however, if the cooling time is prolonged from 50 to 100 years, even the most active zones may be classified as SRM, bypassing the CRM class due to the additional 50 years of cooling.
The feasibility of recycling for both SS 316 LN and INCONEL 625 has been assessed without taking into account any removal of noxious radionuclides. Even if these procedures are very interesting for such alloys as vanadium [12] , they do not seem to be competitive with the disposal as LLW in the case of relatively inexpensive materials made of many elements, like these two alloys.
For all other components but blanket and first wall, recycling within the nuclear industry is feasible after 50 years of cooling or less; however, for all those components, clearance options are open, as it will be shown in the next section.
CLEARANCE
The final step of this management strategy is the clearance check for ITER activated materials.
Clearance Indices I c are computed for the less radioactive materials, following the procedure proposed in section 2. Thus this check has been carried out on the vessel, the thermal shield, the toroidal field coils, the central solenoid, and the cryostat-biological shield materials. Table 2 reports the results for these components. It turns out that all of them may be cleared after 50 years of cooling or less, with the exception of the vessel and the thermal shield.
For the vessel, Clearance (D) is not feasible, while Clearance (R) is, prolonging the cooling time. In particular, Clearance (R) (recycling outside the nuclear industry) is feasible after a cooling time prolonged to 100 years: even if the clearance index I c (R) is higher than 1 for certain vessel zones, average clearance index for the whole component is less than 1.
For the Thermal Shield, index I c (R) is 0.1 at 100 years, and around 1 at 80 years of cooling.
Clearance D is possible also, after about 90 years of cooling.
All other components may be recycled with a cooling time not exceeding 50 years.
TRITIUM CONTAMINATION
It may be stated that after waste conditioning the residual levels of tritium in activated materials are so low as not to influence the results obtained considering activation only.
Melting experiments on tritiated steel [13] showed reduction factors up to about 70 fold. The material was formed in 90 kg ingots having residual tritium activity of 4.3 x 10 10 Bq/ingot, with a small dependence with the initial activity. The average outgassing rate of the processed and an outgassing rate of less than 4
• 10 -6 per day of this inventory. It was shown in [2] that also increasing the outgassing rate by a factor 100, due to the lesser thickness of the pieces obtained by recycling, the dose due to tritium in a vented room would be negligible. (*) If the Clearance Index at 50a is > 1, then the Index at 100a is computed and, if less than or around 1, reported in bold. NR = Not Relevant.
CONCLUSIONS
A strategy for the classification and management of activated materials from fusion reactor has been proposed and applied to ITER. Results are visible in Table 3 , where the most appropriate management strategy is suggested.
Cooling times are taken into account also: in most cases, two options are suggested: A first option is reachable after a relatively short cooling time, a second and possibly more attractive option requires additional cooling. Table 3 shows that no ITER material, if enough cooling time is allotted, has such radioactivity levels as to prevent its recycling or clearance.
Blanket, first wall, and vessel may be recycled within the nuclear industry.
If appropriate, adopting longer cooling times, the vessel layers may also be recycled outside the nuclear industry.
All the other components (thermal shield, T.F. coils, central solenoid, cryostat, biological shield) can be cleared, either with recycling outside the nuclear industry or with disposal.
It has been shown that the tritium contamination may be overcome. This analysis should be completed with the results for divertor materials and the estimates of material quantities. However, the present results show already that the amount of permanent radwaste arising from ITER may be substantially reduced to zero. other zones (7, 8, 9) .
(**) Clearance R is viable, even if I c (R) for zones 53 and 55 is higher than 1, considering mixing with materials of other zones (54, 56, 57).
